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Fig. 1 (Prior Art)
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Fig. 5B

Fig. 5A
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Fig. 7B
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1
FIELD EFFECT TRANSISTOR STRUCTURE
HAVING ONE OR MORE FINS

FIELD OF THE INVENTION

The present disclosure relates generally to the physical
structure of the field effect transistor (FET), and processes for
making same.

BACKGROUND

Advances in semiconductor manufacturing technologies
have resulted in dramatically increased circuit packing den-
sities and higher speeds of operation. In order to achieve such
increased densities, a wide variety of evolutionary changes
have taken place with respect to semiconductor processing
techniques and semiconductor device structures over the
years.

Many of these process and structural changes have been
introduced in connection with device scaling, in which ever
smaller device geometries have been achieved. One conse-
quence of conventional FET device scaling is a requirement
to reduce operating voltages. The reduced operating voltages
are required, at least in part, because conventional FET device
scaling needs a thinner gate dielectric layer in order to pro-
duce the desired electrical characteristics in the scaled-down
transistor. Without a reduction in operating voltage, the elec-
tric field impressed across the thinner gate dielectric during
circuit operation can be high enough for dielectric breakdown
to become a problem.

Historically, FETs have been fabricated as planar devices.
FIG. 1 shows a cross-section of an exemplary, conventional,
planar, FET. But a vertically oriented device, referred to as a
“finFET,” has more recently been introduced into commercial
semiconductor products. FIG. 2 illustrates the general
arrangement of a conventional finFET.

FIG. 1 is a cross-sectional representation of a conventional
planar FET. A gate dielectric layer 110 is disposed on the
surface of a substrate 102. A gate electrode 108 is disposed on
gate dielectric layer 110. Sidewall spacers 106 are disposed
adjacent gate electrode 108 and gate dielectric layer 110. A
first source/drain terminal 104, and a second source/drain
terminal 112 are formed in substrate 102. First source/drain
terminal 104 has a first source/drain extension 105, and sec-
ond source/drain terminal 112 has a second source/drain
extension 111. First and second source/drain terminals 104,
112 are symmetric with respect to gate 108.

FIG. 2 is an isometric view of an example of a conventional
finFET. Substrate 202 has dielectric isolations areas 208
formed thereon adjacent to fin 204. A gate dielectric layer214
and a gate electrode 212 together make up the conventional
finFET gate structure. The gate structure “wraps” around the
vertical and top sides of the fin. The source/drain terminals are
those regions of fin 204 on either side of the gate electrode
212. In the conventional finFET, both source/drain terminals
are adjacent to, and equidistant from gate electrode 212.

It has been recognized that many integrated circuit designs
require both low operating voltage FETs for their ability to
operate at high speeds, and high operating voltage FETs for
their ability to interface with high voltage signals provided by
other electronic components. In response to this need, manu-
facturers have developed and provided semiconductor manu-
facturing processes that offer two types of transistors for use
within a single integrated circuit. These two types of transis-
tors include a first type with low operating voltage and high
speed, and a second type with a higher operating voltage and
a lower speed.
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Unfortunately, these semiconductor manufacturing pro-
cesses do not provide finFETs with the electrical character-
istics of high speed and high operating voltage combined in a
single device.

BRIEF DESCRIPTION OF THE DRAWINGS

Various exemplary embodiments are described with refer-
ence to the accompanying drawings. In the drawings, like
reference numbers indicate identical or functionally similar
elements. Additionally, the left most digit(s) of a reference
number identifies the drawing in which the reference number
first appears.

FIG. 1 is a cross-sectional representation of a conventional
planar FET.

FIG. 2 is an isometric view of a conventional silicon-fin-
based FET (finFET).

FIG. 3A is a top view of a first exemplary embodiment of a
finFET having an extended current path between source and
drain terminals.

FIG. 3B is a cross-sectional view of the structure of FIG.
3 A taken through line B-B'.

FIG. 4A is a top view of a second exemplary embodiment
of'a finFET having an extended current path between source
and drain terminals.

FIG. 4B is a cross-sectional view of the structure of FIG.
4A taken through line B-B'.

FIG. 5A is a top view of a third exemplary embodiment of
afinFET having an extended current path between source and
drain terminals.

FIG. 5B is a cross-sectional view of the structure of FIG.
5A taken through line B-B'.

FIG. 6A is atop view of a fourth exemplary embodiment of
afinFET having an extended current path between source and
drain terminals.

FIG. 6B is a cross-sectional view of the structure of FIG.
6A taken through line B-B'".

FIG. 7A is a top view of a fifth exemplary embodiment of
afinFET having an extended current path between source and
drain terminals.

FIG. 7B is a cross-sectional view of the structure of FIG.
7A taken through line B-B'.

FIG. 8A is a top view of a sixth exemplary embodiment of
afinFET having an extended current path between source and
drain terminals.

FIG. 8B is a cross-sectional view of the structure of FIG.
8A taken through line B-B'.

FIG. 9A is a top view of a seventh exemplary embodiment
of'a finFET having an extended current path between source
and drain terminals.

FIG. 9B is a cross-sectional view of the structure of FIG.
9A taken through line B-B'.

FIG. 10A is a top view of a eighth exemplary embodiment
of'a finFET having an extended current path between source
and drain terminals.

FIG. 10B is a cross-sectional view of the structure of FIG.
10A taken through line B-B'.

FIG. 11 is a flow diagram of an exemplary process of
manufacturing a finFET having an extended current path.

FIG. 12 is flow diagram of another exemplary process of
manufacturing a finFET having an extended current path.

It is noted that the drawn representations of various semi-
conductor structures shown in the figures are not necessarily
drawn to scale, but rather, as is the practice in this field, drawn
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to promote a clear understanding of the structures and process
steps which they are illustrating.

DETAILED DESCRIPTION

The following Detailed Description refers to accompany-
ing drawings to illustrate exemplary embodiments. Refer-
ences in the Detailed Description to “one exemplary embodi-
ment,” “an illustrative embodiment”, “an exemplary
embodiment,” and so on, indicate that the exemplary embodi-
ment described may include a particular feature, structure, or
characteristic, but every exemplary embodiment may not nec-
essarily include the particular feature, structure, or character-
istic. Moreover, such phrases are not necessarily referring to
the same exemplary embodiment. Further, when a particular
feature, structure, or characteristic is described in connection
with an exemplary embodiment, it is within the knowledge of
those skilled in the relevant art(s) to affect such feature, struc-
ture, or characteristic in connection with other exemplary
embodiments whether or not explicitly described.

The exemplary embodiments described herein are pro-
vided for illustrative purposes, and are not limiting. Other
embodiments are possible, and modifications may be made to
the exemplary embodiments within the spirit and scope of the
disclosure.

It is to be understood that the phraseology or terminology
herein is for the purpose of description and not of limitation,
such that the terminology or phraseology of the present speci-
fication is to be interpreted by those skilled in relevant art(s)
in light of the teachings herein.

TERMINOLOGY

The terms, chip, die, integrated circuit (IC), semiconductor
device, and microelectronic device, are often used inter-
changeably in the field of electronics.

With respect to chips, it is common that power, ground, and
various signals may be coupled between them and other cir-
cuit elements via physical, electrically conductive connec-
tions. Such a point of connection may be referred to as an
input, output, input/output (1/0), terminal, line, pin, pad, port,
interface, or similar variants and combinations. Although
connections between and amongst chips are commonly made
by way of electrical conductors, those skilled in the art will
appreciate that chips and other circuit elements may alterna-
tively be coupled by way of, but not limited to, optical,
mechanical, magnetic, electrostatic, and electromagnetic
interfaces.

The terms metal line, trace, wire, interconnect, conductor,
signal path and signaling medium are all related. The related
terms listed above, are generally interchangeable, and appear
in order from specific to general. In this field, metal lines are
sometimes referred to as traces, wires, lines, interconnect or
simply metal. Metal lines, such as, but not limited to, alumi-
num (Al), copper (Cu), an alloy of Al and Cu, an alloy of Al,
Cu and silicon (S1), tungsten (W), nickel (Ni), titanium nitride
(TiN), and tantalum nitride (TaN) are conductors that provide
signal paths for interconnecting electrical circuitry. Other
conductors, both metal and non-metal are available in micro-
electronic devices. Materials such as doped polysilicon,
doped single-crystal silicon (often referred to simply as dif-
fusion, regardless of whether such doping is achieved by
thermal diffusion or ion implantation), titanium (T1), cobalt
(Co), molybdenum (Mo), and refractory metal silicides are
examples of other conductors.

Polycrystalline silicon is a nonporous form of silicon made
up of randomly oriented crystallites or domains. Polycrystal-
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line silicon is often formed by chemical vapor deposition
from a silicon source gas or other methods and has a structure
that contains large-angle grain boundaries, twin boundaries,
or both. Polycrystalline silicon is often referred to in this field
as polysilicon, or sometimes more simply as poly. It is noted
that polysilicon is commonly used to form the gate electrode
of'a FET. An alternative use of polysilicon is as a sacrificial
gate electrode that is removed and replaced with a metal gate
during the manufacturing process.

Epitaxial layer refers to a layer of single crystal semicon-
ductor material. In this field, an epitaxial layer is commonly
referred to “epi.”

FET, as used herein, refers to a metal-oxide-semiconductor
field effect transistor (MOSFET). An n-channel FET is
referred to herein as an NFET. A p-channel FET is referred to
herein as a PFET. FETs that are formed in a bulk substrate,
such as a silicon wafer, have four terminals, namely gate,
drain, source and body.

Effective oxide thickness refers to the thickness of a layer
of'Si0, that is electrically equivalent to a given thickness of a
material having a given dielectric constant. In many circum-
stances it is the electrical characteristic of a dielectric layer
(which is proportional to layer thickness/dielectric constant)
that is of interest rather than the actual physical thickness of
the layer. Historically, the gate dielectric layer was formed
almost exclusively from silicon dioxide, but that is no longer
the case in the semiconductor industry. Since there are a
variety of materials now in use as gate dielectrics, it is easier
for the sake of comparison to discuss these gate dielectrics in
terms of a normalized value such as effective oxide thickness.
By way of example, since HfO, has a dielectric constant of 25
(compared to 3.9 for Si0,), a 6.4 nm layer of HfO, has an
effective oxide thickness of 1 nm. In other words, a layer of
high dielectric constant material can be electrically equiva-
lent to a thinner layer of lower dielectric constant material.

As used herein, “gate” refers to the insulated gate terminal
of a FET. The physical structure of the gate terminal is
referred to as a gate electrode. In terms of the layout of an
integrated circuit, the gate electrode is the logical AND ofthe
polysilicon layer with the layer representing an active portion
of the semiconductor surface.

Source/drain (S/D) terminals refer to the terminals of a
FET, between which conduction occurs under the influence of
an electric field, subsequent to the inversion of the semicon-
ductor surface under the influence of an electric field resulting
from a voltage applied to the gate terminal of the FET. Gen-
erally, the source and drain terminals of a FET are fabricated
such that they are geometrically symmetrical. With geometri-
cally symmetrical source and drain terminals it is common to
simply refer to these terminals as source/drain terminals, and
this nomenclature is used herein. Designers often designate a
particular source/drain terminal to be a “source” or a “drain”
on the basis of the voltage to be applied to that terminal when
the FET is operated in a circuit.

The terms contact and via, both refer to structures in a chip
used for electrical connection of conductors from different
interconnect levels of the chip. These terms are sometimes
used in the art to describe both an opening in an insulator in
which the structure will be completed, and the completed
structure itself. For purposes of this disclosure, contact and
via both refer to the completed structure.

Substrate, as used herein, refers to the physical object that
is the basic workpiece transformed by various process opera-
tions into the desired microelectronic configuration. A typical
substrate used for the manufacture of integrated circuits is a
wafer. Wafers, may be made of semiconducting (e.g., bulk
silicon), non-semiconducting (e.g., glass), or combinations of
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semiconducting and non-semiconducting materials (e.g., sili-
con-on-insulator (SOI)). In the semiconductor industry, a
bulk silicon wafer is a very commonly used substrate for the
manufacture of integrated circuits.

The term vertical, as used herein, means substantially per-
pendicular to the surface of a substrate.

Overview

At one time in the semiconductor industry it was common
for a single entity, such as a corporation, to develop a semi-
conductor process, design integrated circuits in accordance
with the physical and electrical characteristics of that process,
and then manufacture those integrated circuits. However, as
the cost of building, equipping, and operating semiconductor
manufacturing facilities dramatically increased, fewer and
fewer entities could afford to both design and manufacture
integrated circuits. Because the costs of being a semiconduc-
tor manufacturer are so high, great economies of scale are
required in order to operate profitably. Consequently, it is
common today in the semiconductor industry, to find compa-
nies that manufacture but do not design integrated circuits
(“foundries™), and companies that design integrated circuits
but do not manufacture them (“fabless”).

In the semiconductor industry environment of foundries
and fabless companies, it is the foundries that develop,
specify and provide the physical structures that designers use
to implement their designs. Foundries provide manufacturing
services to many fabless semiconductor companies, but to
operate profitably, they must optimize their manufacturing
processes to achieve high yields. Such optimizations typi-
cally require that limitations be placed on the variety of struc-
tures that can be produced by a particular manufacturing
process. Consistent with the foregoing, foundries typically
provide a limited set of transistor structures that are intended
to cover a broad range of circuit applications. Unfortunately
these limited sets of structures do not satisfy every need of
integrated circuit designers.

There are many well-known transistor structures that are
offered by the foundries. For example, PFETs and NFETs
with high threshold voltage (Vt) or low Vt; thick gate dielec-
tric or thin gate dielectric; and various combinations of the
foregoing. It is further noted that transistor structures are
often adapted for use in a “core” region of a chip, or in an
“I/O” (Input/Output) or “peripheral” region of a chip. It is
common for FETs used in the core region to have thin gate
dielectric layers and to operate at low voltages, whereas it is
common for FETs used in the 1/O or peripheral regions to
have relatively thicker gate dielectric layers and relatively
higher operating voltages. Another distinction between core
and /O FETs is that the wells in which the I/O FETs are
formed are more heavily doped than the wells in which core
FETs are formed. This arrangement allows for high speed
operations in the core and for interfacing with signals having
higher voltages than can be handled by the low voltage FETs.
As explained in greater detail below, some embodiments in
accordance with the present disclosure take advantage of the
manufacturing operations available in such existing pro-
cesses to fabricate new transistor structures.

Disclosed herein are the structures of finFETs having a
unique combination of properties, and methods of making
those finFETs. A finFET, in accordance with the present
disclosure, is operable to interface with relatively high volt-
age signals (similar to I/O transistors), and to simultaneously
operate at high switching speeds (similar to core transistors).
It is noted that f; refers to the frequency at which the small
signal gain of the transistor drops to unity. In order to incor-
porate these two property sets into the same transistor, fin-
FETs in accordance with the present disclosure include an
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6

extended current path between source and drain terminals.
Further, the finFET structures in accordance with the disclo-
sure can be fabricated concurrently with conventional CMOS
finFET processing.

Exemplary Structures

The exemplary embodiments are compatible with the con-
current fabrication of conventional finFETs on the same chip.

FIG. 3A is a top view of a first exemplary embodiment of a
finFET having an extended current path between source and
drain terminals. This top view shows a single finFET con-
structed over two separate, co-linear fins 330, 331. Such an
embodiment may be referred to as a two-fin embodiment.
Each fin has two terminal ends, and each terminal end has a fin
termination structure disposed thereon 302, 306, 308, 310. In
the embodiment of FIG. 3 A, no fin exists in the space between
second fin termination structure 306 and third fin termination
structure 308. A gate structure 304 is disposed on first fin 330
and a source terminal 324 is disposed on first fin 330 between
first fin termination structure 302 and gate structure 304. Gate
structures for finFETs in accordance with this disclosure
include a gate dielectric layer and a gate electrode. The illus-
trated gate structures may remain in place as the final gate
structures of the finFETs, or they may be removed and
replaced with alternative gate dielectric and/or gate electrode
materials. Gate replacement processes, for example high-k,
metal gate (HKMG) are well-known in the semiconductor
manufacturing field and are not further described herein.

Still referring to FIG. 3A, a drain terminal 325 is disposed
on second fin 331 between third and fourth fin termination
structures 308 and 310. An n-well 316 is disposed in the
substrate on which the finFET is disposed. N-well 316 has a
doping concentration between 1x10"7/cm> and 5x10'%cm?.
In this illustrative embodiment, the terminals ends of fins 330,
331 are coextensive with the outer sidewalls of their respec-
tive fin termination structures 302, 306, 308, and 310.

FIG. 3B is a cross-sectional view of the structure of FIG.
3 A taken through line B-B'. In this exemplary embodiment, a
substrate 301 has a first p-well region 314 and a second p-well
region 318 disposed in substrate 301. P-wells 318 and 314
have a concentration of dopants between 1x10'7/cm>® and
5x10'%/cm?. It is noted that first p-well region 314 and a
second p-well region 318 may be discontiguous, or may in
fact be part of a single larger, contiguous p-well region. An
n-well region 316 is disposed in substrate 301 between first
p-well region 314 and a second p-well region 318. Dielectric-
filled recesses are disposed in substrate 301. These dielectric-
filled recesses may be implemented as shallow trench isola-
tion (STI) structures. In the exemplary embodiment of FIG.
3B, shallow trench isolation structures 320 are disposed in
near-surface portions of first p-well region 314, second p-well
region 318, and n-well region 316. In this embodiment first
p-well region 314 abuts n-well region 316, and second p-well
region 318 abuts n-well region 316. The location of boundary
between an abutted n-well and p-well can be under a fin 330
or an STI structure 320.

Still referring to FIG. 3B, first fin 330 is disposed on sub-
strate 301 and extends upwardly away from substrate 301 and
is nominally vertical with respect to the upper surface of
substrate 301. First fin 330 is disposed on substrate 301 such
that a first portion is superjacent p-well 318 and a second
portion is superjacent n-well 316. In this exemplary embodi-
ment substrate 301 is a p-type wafer with a sheet resistivity
between 8 Q-cm and 15 ©2-cm. Second fin 331 is disposed on
substrate 301 and extends upwardly away from substrate 301
and is nominally vertical with respect to the upper surface of
substrate 301. Second fin 331 is disposed on substrate 301
such that it is superjacent n-well 316. First fin 330 and second
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fin 331 are disposed on substrate 301 such that they co-linear
and laterally spaced apart. First fin termination structure 302
is disposed over a first terminal end of first fin 330 and a
second fin termination structure 306 is disposed over a second
terminal end of first fin 330. Gate structure 304 is disposed on
first fin 330 such that it is between first fin termination struc-
ture 302 and second fin termination structure 306. Third fin
termination structure 308 is disposed over a first terminal end
of second fin 331. Fourth fin termination structure 310 is
disposed over a second terminal end of second fin 331.
Although fin termination structures 302, 306, 308, and 310
are shown in FIG. 3B as coinciding with the ends of their
respective fins, in alternative embodiments, fin termination
structures 302, 306, 308, and 310 can be extended beyond the
end of the fins.

Sidewall spacers 322 are disposed adjacent sidewalls of
first fin termination structure 302, second fin termination
structure 306, active gate structure 304, third fin termination
structure 308 and fourth fin termination structure 310. Source
terminal 324 is disposed on first fin 330 between first fin
termination structure 302 and gate structure 304. Gate struc-
ture 304 may be referred to as the “active” gate because
during operation of a completed chip, gate structure 304
receives a signal that controls electrical conduction between
source terminal 324 and drain terminal 325. Drain terminal
325 is disposed on second fin 331 between third fin termina-
tion structure 308 and fourth fin termination structure 310.

In operation, an electrical current may flow between drain
terminal 325 and source terminal 324. The current path
between drain terminal 325 and source terminal 324 includes
second fin 331, n-well 316, p-well 318, and first fin 330.

Various exemplary embodiments are described below. In
each of these exemplary embodiments, the current path
between drain and source is extended compared to conven-
tional finFET structures. In this way, finFETs in accordance
with the disclosure may operate at higher voltages than con-
ventional finFETs.

FIGS. 4A-4B illustrate an alternative structure that is simi-
lar to the structure illustrated by FIGS. 3A-3B, but which
includes an additional epi structure 402 disposed on first fin
330 between gate structure 304 and second fin termination
structure 306.

FIGS. 5A-5B illustrate an alternative structure that is simi-
lar to the structure illustrated by FIGS. 3A-3B, but which
extends the active gate structure from the source terminal to
the opposite end of the fin. A gate structure 502 is disposed on
first fin 330 and extends laterally away from source terminal
324 to the end of fin 330 as shown.

FIGS. 6A-6B illustrate an alternative structure that is simi-
lar to the structure illustrated by FIGS. 5A-5B, but in which
gaps between the p-well and n-well regions exist. FIG. 6B
shows the spacing between n-well 616 and each of p-wells
614, 618. Those skilled in the art and having the benefit of this
disclosure will recognize that p-wells 614, 618 can be imple-
mented as a single larger p-well structure, and are not required
to be separated into two or more separate p-wells. In FIG. 6 A,
a region 626 is defined by a box comprised of dashed lines.
Region 626 is an area in which a p-well is not formed. Thus
the interior portion of the dashed line box that is not occupied
by n-well 616, represents the gaps between p-well 618 and
n-well 616, and between n-well 616 and p-well 614.

FIGS. 7A-7B illustrate an alternative structure that is simi-
lar to the structure illustrated by FIGS. 6 A-6B, except that the
source terminal, active gate, and drain terminal are all dis-
posed on a single common fin. Unlike the embodiment show
in FIGS. 6 A-6B, this exemplary embodiment includes only a
single fin 730. This may be referred to as a “single-fin”
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embodiment. In the two-fin embodiments, the current path
extended from the drain terminal through the second fin and
into the well regions disposed in the substrate before passing
through the first fin and into the source terminal. In the single-
fin embodiment of FIGS. 7A-7B, the current between drain
terminal 325 and source terminal 324 may pass through
single fin 730. To prevent the introduction of various dopants
into the portion of fin 730 between gate structure 502 and
structure 308, a blocking mask is used during manufacturing
to block ion implants. Such ion implants are typically per-
formed during the semiconductor manufacturing process for
N+ doping, P+ doping, formation of lightly doped drains, and
for halo or pocket implants. FIGS. 7A and 7B show an
implant blocking mask 702 used to block the undesired ion
implants from this region of fin 730 during the manufacturing
process. Implant blocking mask 702 is typically removed
prior to completion of the manufacturing process.

FIGS. 8A-8B illustrate an alternative structure that is simi-
lar to the structure illustrated by FIGS. 7A-7B, except that
structure 308 is removed. After the epitaxial growth of drain
terminal 325, and after the need to block implants into fin 730,
structure 308 is not required. In these single-fin embodi-
ments, structure 308 is not acting as a fin termination structure
but rather as a sacrificial structure that is useful for various
manufacturing steps, but does not contribute to the electrical
performance of the extended current path finFET. In this
exemplary embodiment, structure 308 is removed once it is
no longer needed to support the manufacturing process.

FIGS. 9A-9B illustrate an alternative structure that is simi-
lar to the structure illustrated by FIGS. 8 A-8B, except that the
p-wells and n-wells are spaced apart such that there are gaps
therebetween. As shown in FIG. 9B, p-well 918 is spaced
apart from n-well 916; and n-well 916 is spaced apart from
p-well 914.

FIGS. 10A-10B illustrate an alternative structure that is
similar to the structure illustrated by FIGS. 5A-5B, but with a
reversal of the well conductivity types, and the addition of a
deep n-well. In this exemplary embodiment, a deep n-well
1002 is disposed in substrate 301. In substrate 301, but above
deep-n-well 1002, an n-well 1018, a p-well 1016 and an
n-well 1014 are disposed. N-well 1018 and p-well 1016 are
adjacent to, and abutting, each other. P-well 1016 and n-well
1014 are adjacent to, and abutting, each other. P-wells 1018
may be part of a larger single p-well. There is no requirement
for these p-wells to be discontiguous.

Exemplary Processes

FIG. 11 is a flow diagram of an exemplary process of
fabricating an extended current path finFET in a manner that
is compatible with the concurrent fabrication of conventional
finFETs. At a step 1102, a deep n-well is formed in a p-type
substrate. At a step 1104, a plurality of fins are formed such
that they extend substantially vertically away from the surface
of the substrate. At a step 1106, shallow trench isolation
structures are formed. At a step 1108, a high-k dielectric stack
is formed over the fins. At a step 1110, metal gate electrode
structures are formed over the high-k gate dielectric stack. At
a step 1112, source/drain extension implants and halo
implants are performed. At a step 1114, sidewall spacers are
formed adjacent to the metal gate electrode structures. At a
step 1116, selective epitaxial growth is performed of regions
of the fins to form source and drain terminals.

FIG. 12 is a flow diagram of an exemplary process of
fabricating an extended current path finFET in a manner that
is compatible with the concurrent fabrication of conventional
finFETs. At a step 1202, a deep n-well is formed in a p-type
substrate. Ata step 1204, fins are formed such that they extend
substantially vertically away from the surface of the substrate.
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Atastep 1206, shallow trench isolation structures are formed.
At a step 1208, a dummy gate dielectric layer is formed over
the fins. Another term for dummy in this context is “sacrifi-
cial.” At a step 1210, dummy, or sacrificial, polysilicon gate
electrodes are formed over the sacrificial gate dielectric layer.
At a step 1212, source/drain extension and halo implants are
performed. At a step 1214, sidewall spacers are formed adja-
cent to the sacrificial gate electrodes. At a step 1216, selective
epitaxial growth is performed on the fins to form the raised
source terminal and the raised drain terminal. At a step 1218,
the sacrificial gate electrode and sacrificial gate dielectric are
removed and a high-k gate dielectric and metal gate electrode
are formed in their place.

In one illustrative structure, a finFET includes a first fin
disposed on a first region of a substrate; a second fin disposed
on a second region of the substrate, and spaced apart from the
first fin; a gate structure disposed on the first fin; a first
source/drain (S/D) terminal disposed on the first fin, adjacent
to a first vertical side of the first gate structure; a second S/D
terminal disposed on the second fin; wherein the first region
of the substrate includes a first sub-region doped with a first
concentration of dopant atoms of a first conductivity type, a
second sub-region doped with a second concentration of
dopant atoms of a second conductivity type, and the second
region of the substrate includes a third sub-region doped with
the second concentration of dopant atoms of the second con-
ductivity type.

In another embodiment, a finFET includes a fin disposed
on a substrate, the fin having a first end and a second end; a
first fin termination structure disposed on the first end of the
fin, and a second fin termination structure disposed on the
second end of the fin; a source terminal disposed on the fin
and adjacent to the first fin termination structure; a gate struc-
ture disposed on the fin and adjacent to the first S/D structure;
a drain terminal disposed on the fin and spaced apart from the
gate structure; a first well of a first conductivity type disposed
under the source terminal and a first portion of the gate struc-
ture; and a second well of a second conductivity type disposed
under a second portion of the gate structure and the drain
terminal.

In still another embodiment, a process of fabricating a
finFET includes the steps of forming p-wells and n-wells in a
substrate such that at least one p-well abuts at least one n-well
ataboundary; forming a first fin extending upwardly from the
surface of the substrate in a substantially vertical direction,
the first fin disposed over the boundary where p-well abuts a
first n-well; forming a second fin, spaced apart from, and
co-linear with, the first fin, the second fin extending upwardly
from the surface of the substrate in a substantially vertical
direction, the second fin disposed over the first n-well and a
laterally away from the boundary; forming a shallow trench
isolation structure in the surface of the substrate between the
first fin and the second fin; forming a sacrificial gate dielectric
layer over the first fin and the second fin; forming a sacrificial
gate electrode layer of the first fin and the second fin; pattern-
ing the sacrificial gate electrode layer to form a first fin ter-
mination structure at a first end of the first fin, a second fin
termination structure at a second end of the first fin, a third fin
termination structure at a first end of the second fin, a fourth
fin termination structure at the second end of the second fin,
and a gate structure on the first fin between the first and
second fin termination structures; forming sidewall spacers
adjacent each of the first, second, third, and fourth fin termi-
nation structures and the gate structure; and epitaxially grow-
ing a source terminal on the first fin between the first fin
termination structure and the gate structure, and epitaxially
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growing a drain terminal on the second fin between the third
and fourth fin termination structures.

CONCLUSION

Itis to be appreciated that the Detailed Description section,
and not the Abstract of the Disclosure, is intended to be used
to interpret the Claims. The Abstract of the Disclosure is not
intended to limit the subjoined Claims in any way.

It will be apparent to those skilled in the relevant art(s) that
various changes in form and detail can be made therein with-
out departing from the spirit and scope of the disclosure. Thus
the invention should not be limited by any of the above-
described exemplary or illustrative embodiments, but should
be defined in accordance with the subjoined Claims and their
equivalents.

What is claimed is:

1. A transistor, comprising:

a first fin disposed on a first region of a substrate;

a second fin disposed on a second region of the substrate

and spaced apart from the first fin;

a gate structure disposed on the first fin;

a first source/drain (S/D) terminal disposed on the first fin,

adjacent to a first vertical side of the gate structure; and

a second S/D terminal disposed on the second fin;

wherein the first region of the substrate includes a first

sub-region doped with a first concentration of dopant
atoms of a first conductivity type, and a second sub-
region doped with a second concentration of dopant
atoms of a second conductivity type, and wherein the
second region of the substrate includes a third sub-re-
gion doped with the second concentration of dopant
atoms of the second conductivity type.

2. The transistor of claim 1, wherein the second sub-region
and the third sub-region are contiguous.

3. The transistor of claim 2, further comprising a first fin
termination structure disposed on the first fin, and a second fin
termination structure disposed on the second fin.

4. The transistor of claim 1, wherein the first fin has a first
end and a second end, the second fin has a first end and a
second end; and the second end of the first fin faces, and is
spaced apart from the first end of the second fin.

5. The transistor of claim 1, wherein the first conductivity
type is p-type and the second conductivity type is n-type.

6. The transistor of claim 1, wherein the first concentration
of dopant atoms is between 1x10'”/cm® and 5x10'%/cm’.

7. The transistor of claim 1, wherein the second concentra-
tion of dopant atoms is between 1x10'7/cm?® and 5x10"%/cm?.

8. The transistor of claim 1, wherein the first fin has a first
end and a second end, the second fin has a first end and a
second end; the second end of the first fin faces, and is spaced
apart from the first end of the second fin; and further com-
prising:

a first fin termination structure disposed on the first fin and

aligned to the first end of the first fin;

a second fin termination structure disposed on the first fin

and aligned to the second end of the first fin;

a third fin termination structure disposed on the second fin

and aligned to the first end of the second fin;

a fourth fin termination structure disposed on the second fin

and aligned to the second end of the second fin; and

a shallow trench isolation structure disposed in a recess in

the surface of the substrate between the second end of
the first fin and the first end of the second fin.

9. The transistor of claim 1, wherein the first S/D terminal
comprises epitaxial silicon and the second S/D terminal com-
prises epitaxial silicon.
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10. The transistor of claim 8, further comprising an epi-
taxial silicon structure disposed on the first fin between the
gate structure and the second fin termination structure.

11. The transistor of claim 1, wherein the first fin has a first
end and a second end, the second fin has a first end and a
second end; the second end of the first fin faces, and is spaced
apart from the first end of the second fin; and further com-
prising:

a first fin termination structure disposed on the first fin and

aligned to the first end of the first fin;

a third fin termination structure disposed on the second fin

and aligned to the first end of the second fin; and

a fourth fin termination structure disposed on the second fin

and aligned to the second end of the second fin;
wherein the gate structure extends from the first source/
drain terminal to the second end of the first fin.

#* #* #* #* #*
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